The implantable cardioverter-defibrillator (ICD) is the mainstay therapy for primary prevention of sudden cardiac death in patients with heart failure with a reduced ejection fraction. Current indications for prophylactic ICD are based on the results of randomized controlled trials dating back to 15-20 years ago, which have usually enrolled highly selected patients with few comorbidities and only a small number of patients aged >75 years. Existing literature suggest an age-dependent attenuation of the efficacy of the ICD. Because of the ageing of the population, there is need for data addressing device efficacy among older patients that also considers the impact of geriatric syndromes on health status. The assessment of frailty may be of value in identifying elderly patients who may or may not benefit from ICD placement for primary prevention of sudden cardiac death.
Introduction
Effective risk stratification to identify patients at risk of developing life-threatening ventricular arrhythmia and sudden cardiac death (SCD) is likely the major unsolved area in clinical cardiology. Randomized trials demonstrating that mortality can be effectively reduced by prophylactic implantation of a cardioverter defibrillator (ICD) established the assessment of left ventricular ejection fraction as the gold standard risk predictor [1, 2] . Current guidelines [3, 4] state that patients with left ventricular ejection fraction ≤30% or ≤35% with New York Heart Association Class II or III heart failure who are >40 days post myocardial infarction or >90 days post revascularisation and who have a reasonable expectation of survival for at least one year are eligible for a primary prevention ICD. However, left ventricular ejection fraction measurement has both limited sensitivity and specificity as a tool for arrhythmic risk stratification. Actually, the major burden of SCD occurs in patients with less severe degrees of left ventricular impairment and most important only one third of implanted patients had appropriate device therapy over the 3-to 5-year follow-up period. This raises concern that many patients are exposed to the risk of receiving inappropriate therapy or implant complications without any benefit. Thus, opinion leaders emphasise the need to remove the "stumbling block" of ejection fraction for arrhythmic risk stratification and to translate from the field of "high-risk ejection fraction" to the broader concept of the "high-risk patient" [5] . This, coupled with new technologies and improved knowledge, has promoted a renewed interest in a multiparametric approach to risk stratification that should consider the complexity of factors underlying sustained ventricular rhythms and sudden death [6] . This article will discuss some aspects of the current indications for which controversial evidence might call into question the role of primary prevention ICDs with a focus on elderly patients.
Areas of concern with the current ICD indication
One important area of concern is that the current indication for ICD implantation are based upon the findings of trials dating back to 15-20 years ago with medical treatment of patients not satisfying the current standard of optimized therapy. The rate of sudden death may be decreasing with improvements in guideline-directed medical therapy. This trend has been examined on data from 40,195 patients who had heart failure with reduced ejection fraction and were enrolled in any of 12 clinical trials spanning the period from 1995 through 2014 [7] . Sudden death was reported in 3583 patients. There was a 44% decline in the rate of sudden death across the trials (p=0.03). The cumulative incidence of sudden death at 90 days after randomization was 2.4% in the earliest trial and 1.0% in the most recent trial.
Moreover, the pivotal trials upon which are based the current ICD indication have usually enrolled relatively young selected patients with few comorbidities. The real-world scenario is often in contrast with these characteristics as patients with left ventricular dysfunction are mainly in the age range 70 to 80 years, with frequent frailty and concomitant comorbidity. In a National Cardiovascular Data Registry ICD cohort [8] , the median age of patients receiving ICDs was 68 years while the median age of the patients enrolled in the MADIT II and SCD-HeFT trial [1, 2] were 64 years and 60 years of age, respectively. Patients in the ICD cohort [8] also had worse renal function, more diabetes and other comorbidities.
Among comorbidities, evolving evidence suggest that the potential risks and benefits of ICDs should be carefully considered in patients with chronic renal failure [9] . In a secondary analysis of the MADIT-II study, patients with creatinine ≥2.5 mg/dL and/or blood urea nitrogen (BUN) ≥50 mg/dL did not benefit from the ICD because of very high overall mortality [10] . In a large, contemporary, noninterventional study of community-based patients with heart failure and chronic kidney disease, ICD placement was not significantly associated with improved survival but was associated with increased risk for subsequent hospitalization due to heart failure (adjusted relative risk: 1.49; 95% CI: 1.33-1.60) and all-cause hospitalization (adjusted relative risk, 1.25; 95% CI, 1.20-1.30) [11] .
Similarly, in patients with atrial fibrillation the mortality benefit of ICD remains unclear. In a recent systematic review and metaanalysis including 25 observational studies with over 60,000 patients [12] , overall mortality and appropriate shock therapy were higher in ICD patients with atrial fibrillation as compared to normal sinus rhythm. Moreover, there was no difference in mortality between atrial fibrillation patients with ICD and patients who were only on goal directed medical therapy.
Comorbidity burden also impact on the risk of inappropriate therapy. In a retrospective cohort study including 2235 patients (mean age=69±11 years, 75% men) from seven US healthcare delivery systems the median number of comorbidities was 6 (interquartile range = 4-8), with 98% of patients having at least two comorbidities [13] . During a mean 2.2 years of follow-up, almost10 % of patients experienced at least one inappropriate therapy. Higher comorbidity burden was associated with an increased risk of first inappropriate therapy with and adjusted hazard ratio [ Indeed, while stressing that all proposed treatment schemes should be adapted in view of comorbidities, life expectancy and the impact on quality of life, the guidelines remain however generic. The sentence "in the presence of a life expectancy of at least 1 year in good functional condition" lacks of definition or reference value of a "good functional condition". Several tools can help identifying clinically important variations in the magnitude of the survival benefit expected for patients with a class I indication for a primary prevention ICD. Particularly relevant are the results of two post-hoc analyses of the same randomized studies on which the recommendations are based upon [10, 14] . In the MADIT-II posthoc study, Goldenberg et al. [10] identified a U-shaped relationship among five clinical variables (NYHA class >2, atrial fibrillation, QRS duration >120 ms, age >70 years and BUN >26 or <50 mg/dL) and the survival benefit from the ICD. While the ICD significantly improved the survival of patients with 1 or 2 "risk factors", no survival benefit was obtained from patients with either none or ≥3 risk factors because their mortality was either too low or too high.
In the SCD-HeFT post-hoc analysis, Levy et al. [14] examined the relationship between baseline predicted mortality risk and the relative and absolute survival benefit of ICD treatment by applying a modification of the Seattle Heart Failure Model (SHFM). Dividing the study population in quintiles of risk, ICD treatment reduced mortality by approximately 50% in the lowest-risk group (predicted annual mortality ≤5%), whereas there was no ICD benefit in the highest-risk group where the predicted annual mortality exceeded 25%. The combined use of the SHFM and the Seattle Proportional Risk Model (specifically developed to examine the proportion of mortality risk attributable to sudden death) identified patients less likely to derive a survival benefit from primary prevention ICDs in a large cohort of patients with and without ICDs [15] .
The issue whether primary prevention ICD has a survival benefit in female, is a complex one. There are known sex differences in cardiac electrophysiology leading to a lower rate of sudden cardiac death in women [16] . Current ICD guidelines make no distinction between recommendations for ICD by gender although women were severely under-represented in the trials leading to the guideline indications. Indeed, women were 16% in the MADIT-II trial [1] and 23% in the SCD-HeFT trial [2] . In the SCD-HeFT trial, a survival benefit of ICD therapy was not observed in women. The more advanced age of women as well as their increased comorbidity burden may suggest an increased competing risk of non-arrhythmic death as a possible explanation. A recent analysis on registry data from 11 European countries including more than 5033 ICD implantations between 2012 and 2014 does not support the former hypothesis [17] . Women did not differ in age or other clinical characteristics from men, but had a significantly lower mortality rate and received fewer appropriate ICD shocks [17] .
Finally, the recent publication of the DANISH trial casts doubt on the role of primary prevention ICDs in patients with nonischemic cardiomyopathy [18] . The DANISH trial showed a reduction in SCD, but not in all-cause mortality in patients randomly assigned to an ICD. However, a secondary analysis showed a significant association between reduced all-cause mortality and ICD in patients ≤70 years of age (HR, 0.70; 95% CI, 0.51-0.96; p=0.03) but not in patients >70 years of age (HR, 1.05; 95% CI, 0.68-1.62; p=0.84) [19] .
Primary prevention ICDs in the elderly
The question of whether the ICD is beneficial in elderly patients is of great importance. Although current guidelines do not propose any age limit for the primary prevention ICDs, some have questioned the role of the ICD in the elderly arguing that these patients were not well represented in the pivotal trials. Indeed, the median age of the patients enrolled in the MADIT II and SCD-HeFT trial [1, 2] were 64 years and 60 years of age, respectively, and patients older than 75 years accounted for only 10% of the studied populations.
Evidence for the benefit of ICD in preventing sudden cardiac death in older adults can be derived from meta-analysis of the randomized data and observational studies. In one meta-analysis [20] , where the age cut-off was set at 60 years, it was found that prophylactic ICD therapy significantly reduced mortality in elderly patients (HR, 0.75 [95% CI, 0.61 to 0.91]) although the survival benefit was smaller than in younger patients (HR, 0.65 [95% CI, 0.50 to 0.83]). The age-dependent attenuation of the efficacy of the ICD was confirmed by a second meta-analysis merging data from 5 major ICD trials [21] . However, is worth to emphasize that sample sizes were limited among patients aged ≥75 years. The impact of ICD implantation for primary prevention in older patients was recently addressed in a meta-analysis of predominantly observational data [22] by using several age ranges: 70 to 84 years, 75 to 84 years, 79 to 90 years, and ≥75 years. Again, a survival advantage of ICD versus no ICD was seen with an overall HR of 0.75 (95% CI: 0.67 to 0.83; p<0.001). A recent multicentre French study assessing outcomes among 150 patients aged ≥80 years of whom 76% had no more than one associated comorbidity supports the concept that the ICD is of potential relevance to prevent sudden cardiac death in well selected older individual [23] . The already quoted secondary analysis from the DANISH study [19] further underscores the importance of comorbidities in attenuating the survival benefit of primary prevention ICDs in the elderly. The patients >70 years old enrolled in the study had a significantly higher prevalence of atrial fibrillation, hypertension and lower glomerular filtration rate. They also had higher median Nterminal pro-brain natriuretic peptide and longer median QRS duration. Among these patients, the risk of SCD and non-SCD was 1.6 (0.8-3.2) and 5.4 (3.7-7.8) events/100 patient-years, respectively whereas in patients ≤70 years the risk of SCD and non-SCD was 1.8 (1.3-2.5) and 2.7 (2.1-3.5) events/100 patient-years, respectively.
Although the 2017 American Heart Association/American College of Cardiology/Heart Rhythm Society guideline [4] highlight the need for a careful evaluation of comorbidities in the decisionmaking for ICD implantation in elderly patients, the assessment of "a life expectancy greater than 1 year" is even more challenging with advancing age for the occurrence of geriatric syndromes. In other words, although the comorbidity burden generally increases with advancing age, the two are not linearly related and each of them has an independent impact on the survival benefit of the ICD. Moreover, chronologic age, by itself, is seldom a reliable estimate of an individual's health status. This is particularly relevant for elderly patients where the presence of geriatric syndromes increases the variation in health status. The assessment of frailty may help better defining life expectancy in elderly patients [24] .
Frailty, defined as a clinically recognizable state of increased vulnerability resulting from aging-associated decline in reserve and function across multiple physiologic systems, is increasingly recognised as an important predictor in heart failure [25] . A recent systematic review explored whether frailty may help identify patients in whom an ICD does not improve overall mortality risk [26] . Frailty was defined broadly using any validated single component (e.g., walking speed, weight loss) or multi-component tool (e.g., cumulative deficit index). Nine articles met the inclusion criteria. All studies indicated that mortality was higher amongst individuals identified as frail, regardless of definition. In a prespecified subgroup of SCA-HeFT trial [27] including 2397 patients who performed a six-minute walking test before randomization, those patients in the lower tertile of walking distance did not benefit from ICD therapy after 3 years. A cohort of 83,792 Medicare beneficiaries in an ICD registry reported higher 1-year mortality following ICD in those with frailty or dementia [28] .
Conclusions
The use of ICDs in elderly patients should be individualised and carefully scrutinised. It should take into consideration overall health status, symptom severity, co-morbidities and intermediate and longterm prognosis. Existing literature suggests that individuals with frailty may not benefit from ICD placement for primary prevention of SCD. Frailty evaluation may likely represent a useful refinement of life expectancy definition. Further studies are however needed to incorporate frailty evaluation in the routine assessment of candidates to ICD implantation. 
